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1 INTRODUCTION 
I n  t h i s  r e p o r t ,  some r e s u l t s  i n  a wind tunnel  t e s t i n g  program 
t o  i n v e s t i g a t e  the  ground e f f e c t  a s soc ia t ed  with low-aspect-ratio 
a i r c r a f t  during the  landing takeoff opera t ion  w i l l  be presented.  I n  
t h i s  r epor t ing  per iod (September 16,  1985 - March 15, 1986) the  main 
r e sea rch  a c t i v i t y  was  wing tunnel t e s t i n g  on two a i r c r a f t  models and 
one d e l t a  wing model i n  a 3 x 4 . 3  f o o t  low-speed wind tunnel  a t  t h e  
Univers i ty  of Kansas. 
The t a sks  i n  t h i s  repor t ing  per iod were as fol lows:  
1. Planning the  t es t  program 
2.  Checking the  KU wind tunnel  f a c i l i t y  
3 .  F-106 model design and manufacture 
4 .  F-106 s ta t ic  ground e f f e c t  t e s t i n g  
5. Analysis of F-106 tes t  d a t a  
6. 60-degree d e l t a  wing t e s t i n g  
7- Analysis of 60-degree d e l t a  wing tes t  d a t a  
8 .  XB-70-1 model design and manufacture 
9 .  XB-70-1 s t a t i c  ground e f f e c t  t e s t i n g  
10. Analysis of XB-70-1 test d a t a  
11. Test ing of a 60-degree d e l t a  wing i n  the  Vortex Research 
F a c i l i t y  a t  Langley Research Center. 
1 
2. TEST FACILITY AND MODELS 
These experimental studies were conducted to determine the 
longitudinal force and moment aerodynamic coefficients for a 1/48- 
scale model of an F-106 airplane and a 0.01-scale model of an 
XB-70-1 airplane. The two airplanes and one 60-degree delta wing 
models (see Figures 1, 2, and 3) were designed and fabricated to 
satisfy the specific test conditions of the KU wind tunnel with a 3 
x 4.3 foot test section. The models were mounted at the front edge 
of the balance sting support (see Figure 4) which includes three 
strain gages to measure the lift, drag, and pitching moment of the 
airplane models. The static ground-effect tests were conducted in 
the wind tunnel by the ground-board methods (see Figure 5 ) .  Tests 
were made with a ground height varying from H/b = 1.6 t o  a low 
ground-board height, which depended on the model span length and the 
angle of attack. Before each run, the angle of attack was preset 
within a range from 0" to 34". Based on the wing mean aerodynamic 
chord, the test Reynolds number was approximately 500,000 for the F- 
106 model and 750,000 for the XB-70-1 model. Several tests were 
made with the wing flap (elevon) deflection at 15" (trailing edge 
down) or -30" position. 
voltmeter were used along with the calibration factors by the 
The strain gage signals sampled by the 
Hewlett-Packard 9826 microcomputer to determine the lift, drag, and 
pitch moment coefficients. 
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3. PRELIMINARY DATA ANALYSIS 
3.1 60-Degree Delta Wing 
L i f t  da t a  i n  Figure 6 !  show t h a t  t he  present  r e s u l t s  are 
c o n s i s t e n t  with Wentz's, except f o r  a > 25 degrees .  However, t h e  
l i f t  c o e f f i c i e n t s  measured i n  t h e  Langley Vortex Research F a c i l i t y  
(VRF) tend t o  be lower and the drag  c o e f f i c i e n t s  tend t o  be h igher  
as shown i n  Figure 6B. Exact reasons f o r  the  discrepancy are not 
known. 
3.2. F-106  
The l o n g i t u d i n a l  c h a r a c t e r i s t i c s  of a c l ean  conf igu ra t ion  of 
the  F-106 out of ground e f f e c t  are presented i n  F igures  7. The l i f t  
c o e f f i c i e n t s  obtained i n  t h e  Langley 12-foot tunnel  are always lower 
than the  present  r e s u l t s  (Figure 7A), a l though t h e  vortex-breakdown 
c h a r a c t e r i s t i c s  appear t o  be q u i t e  similar. I n  a d d i t i o n ,  t he  drag 
c o e f f i c i e n t s  are h igher  (Figure 7B) and the  p i t ch ing  moments are 
more pos i t i ve  (Figure 7C) from t h e  12-foot tunnel .  For the l a t t e r ,  
s i n c e  the  s lopes  of t he  moment curves  f o r  both sets of d a t a  are 
nea r ly  the  same, the  discrepancy i s  not caused by the  d i f f e r e n c e  i n  
the  coord ina tes  of moment center. 
A s  expected, the wing-body l i f t  is  lower than tha t  of t he  wing 
a lone  (Figure 7A) and the  wing-body drag is  h igher  (F igure  7B). 
Although the  long i tud ina l  s t a b i l i t y  of the  wing-body conf igu ra t ion ,  
as evidenced by the  reduced moment-lift s lope ,  is  lower than t h a t  of 
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the wing alone, the zero-lift moment of the former is negative. 
This is probably caused by the nose camber of the fuselage. 
The static ground effect on longitudinal aerodynamic 
characteristics is presented in Figures 8A-8C. As expected, the 
lift is increased and the drag is reduced in ground effect as shown 
in Figures 8A and 8B. Longitudinal stability tends to be increased 
substantially (Figure 8C). 
Comparing the results with flap deflection in and out of ground 
effect (Figures 9 and 10) indicates that lift is increased as usual 
by ground effect. However, at a given %, DD is not much different 
in ground effect (see Figures 9B and 10B) at low CL. 
longitudinal stability is increased by ground effect (Figures 9C and 
Again, the 
l0C) . 
In Figure 11, variation of longitudinal characteristics with 
ground height is presented at an a of 14 degrees. With a positive 
flap angle of 15 degrees, lift increases more rapidly (Figure 11A); 
and the drag increase is much smaller (Figure 11B) as the ground 
height is reduced, when compared with a flap angle of -30 degrees. 
On the other hand, the pitching moment becomes much more negative 
with a positive flap angle as the ground board is approached. 
Finally, the percent increases in lift and drag at a = 14 
degrees with ground height are presented in Figure 12. 
lift increments for flap angles of f15 degrees and -30 degrees are 
approximately the same, the change in CD is much lower with a 
positive flap angle, as it was indicated in Figure 11. 
Although the 
This is 
4 
perhaps because with a positive flap angle, the leading-edge vortex 
flow is stronger and the conical camber of the F-106 will produce 
the effect of a vortex flap to reduce the drag. 
3.3 XB-70-1 Conf inuration 
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The longitudinal characteristics of the XB-70-1 with various 
ground heights are presented in Figures 13. The lift coefficients 
obtained in the present (KU) datas are always higher than the 
Langley 7 x 10 foot results (Figure 13A). However, the lift-curve 
slope is seen to be in good agreement. In addition, the drag 
coefficients are higher (Figure 13B) and the pitching moments are 
more positive (Figure 13C) from the 7 x 10 foot tunnel. But the 
slopes of the moment curves for both sets of data are nearly the 
same 
The static ground effect on longitudinal aerodynamic 
characteristics of wing alone, wing-body-vertical-tail, and wing- 
body-vertical-tail-canard configurations are presented in Figures 
14A-l4C, Figures 15A-l5C, and Figures 16A-l6C, respectively. As 
expected, the lift is increased in ground effect (Figures 14A, 15A, 
and 16A) and the drag is reduced in ground effect at a given CL 
(Figures 14B, 15B, and 16B). Meanwhile, the longitudinal stability 
tends to be increased substantially (Figures 14C, 15C, and 16C). 
As expected, the lift and drag of the wing alone and wing-body 
configurations (Figures 14A, B; 15A, B; and 16A, B). However, the 
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canard tends t o  reduce t h e  long i tud ina l  s t a b i l i t y  g r e a t l y  (F igures  
14C, 15C, and 16C). Once the l i f t  c o e f f i c i e n t  reaches 
0.6 ( a  2 12O), t he  pitch-moment s lope  r e l a t i v e  t o  the  qua r t e r  mean 
aerodynamic chord shows a trend from a negat ive  t o  a p o s i t i v e  va lue  
(F igure  16C). This v a r i a t i o n  of t h e  pitch-moment s lope  i n d i c a t e s  
t h a t  t he  XB-70-1 has a long i tud ina l  i n s t a b i l i t y  wi th in  the  high 
angle-of-attack region.  
Comparing the  r e s u l t s  with f l a p  d e f l e c t i o n  i n  and out of ground 
e f f e c t  (F igures  17 and 18) ind ica t e s  t h a t  l i f t  i s  increased  as usua l  
by ground e f f e c t  a t  low % (Figures  17B and 18B). 
l o n g i t u d i n a l  s t a b i l i t y  i s  increased by ground e f f e c t  (F igures  17C 
and 18C) .  
Again, the  
The l o n g i t u d i n a l  c h a r a c t e r i s t i c s  and t h e  percent  i nc reases  i n  
ground e f f e c t  are shown i n  Figure 19 and Figure 20, r e spec t ive ly .  
Var i a t ion  with ground he ight  i s  presented a t  an a of 14 degrees.  
The l i f t  and drag are increased as t h e  ground he ight  i s  reduced 
(F igu res  19A, 19B). The p i tch ing  moment becomes more negat ive  as 
t h e  ground board is  approached (F igure  19C). In  add i t ion ,  t h e  l i f t  
and drag percent  i nc rease  a t  a f l a p  angle  of -30 degrees  is higher  
than t h a t  a t  a f l a p  angle  of +15 degrees  (F igures  20A, 20B). 
F igure  21A compares f l i g h t  and wing tunnel  (static) ground- 
e f f e c t  da t a  a t  an angle  of a t t a c k  of about 9.5 degrees .  
t r end  f o r  t he  inc rease  i n  l i f t  i s  the  same f o r  a l l  t h r e e  sets of 
da t a .  However, t h e r e  i s  considerable  d i s p a r i t y  i n  the  magnitudes of 
t h e  r e s u l t s .  
The gene ra l  
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